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Background: Further development of advanced therapeutic endoscopic techniques and natural oriﬁce
translumenal endoscopic surgery (NOTES) requires a powerful ﬂexible endoscopic multitasking platform.
Methods:Medline search was performed to identify literature relating to ﬂexible endoscopic multitasking
platform from year 2004e2011 using keywords: Flexible endoscopic multitasking platform, NOTES,
Instrumentation, Endoscopic robotic surgery, and speciﬁc names of various endoscopic multitasking
platforms. Key articles from articles references were reviewed.
Results: Flexible multitasking platforms can be classiﬁed as either mechanical or robotic. Purely
mechanical systems include the dual channel endoscope (DCE) (Olympus), R-Scope (Olympus), the
EndoSamurai (Olympus), the ANUBIScope (Karl-Storz), Incisionless Operating Platform (IOP) (USGI), and
DDES system (Boston Scientiﬁc). Robotic systems include the MASTER system (Nanyang University,
Singapore) and the Viacath (Hansen Medical). The DCE, the R-Scope, the EndoSamurai and the ANUBI-
Scope have integrated visual function and instrument manipulation function. The IOP and DDES systems
rely on the conventional ﬂexible endoscope for visualization, and instrument manipulation is integrated
through the use of a ﬂexible, often lockable, multichannel access device. The advantage of the access
device concept is that it allows optics and instrument dissociation. Due to the anatomical constrains of
the pharynx, systems are designed to have a diameter of less than 20 mm. All systems are controlled by
traction cable system actuated either by hand or by robotic machinery. In a ﬂexible system, this method
of actuation inevitably leads to signiﬁcant hysteresis. This problem will be accentuated with a long
endoscope such as that required in performing colonic procedures. Systems often require multiple
operators. To date, the DCE, the R-Scope, the IOP, and the Viacath system have data published relating to
their application in human.
Conclusion: Alternative forms of instrument actuation, camera control and master console ergonomics
should be explored to improve instrument precision, sphere of action, size and minimize assistance
required.
 2012 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Since the introduction of the concept of Natural Oriﬁce Trans-
lumenal Endoscopic Surgery (NOTES) when Kalloo et al in 2004
published their experience of transgastric peritoneoscopy in
a porcine model, the beneﬁts of NOTES has been disputed.1 The
purported beneﬁt of NOTES is that it reduces parietal injury thus
minimizes pain, scar and acute injury response associated with
surgery. Various routes have been experimented; transgastric and
transvaginal routes are the two most popular access routes for
intra-abdominal surgery.2 Currently there is a lack of evidence thatr Terrace, Glasgow G11 6BP.
ng).
ciates Ltd. Published by Elsevier Ltperforming intraperitoneal surgery via NOTES technique is superior
to conventional open or laparoscopic techniques. A review of 432
human NOTES cases demonstrated that the majority of procedures
involved combination of conventional laparoscopy and trans-
lumenal endoscopic therapy.3 This may be associated with
increased number of operators required per procedure. Operative
times presented in an international prospective case series which
assessed a total of 362 transvaginal and transgastric NOTES
procedures, appeared to be longer than what would be expected
when compared to conventional laparoscopic procedures. Addi-
tional complications that would not be encountered in standard
laparoscopic or open techniques were noted, these include vaginal
laceration, oesophageal injury and mediastinitis.4 In a German
case series consisted of 551 patients who underwent transvaginal
NOTESprocedure, ofwhich85.3%were cholecystectomy; it reportedd. All rights reserved.
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REVIEWfour cases of bladder injuries, two cases of rectal injury, two cases of
vaginal bleed, and three cases of vaginal infection.5
Although the beneﬁt of NOTES in performing intraperitoneal
surgery remains unproven, the beneﬁt of advanced endolumenal
therapy is tantalizing. These techniques target conditions treatable
within the lumen without iatrogenic breech of viscus wall. Endo-
scopic submucosal dissection (ESD) for early gastrointestinal cancer
and peroral endoscopic myotomy (POEM) for oesophageal acha-
lasia are examples of these techniques.
Endoscopic submucosal dissection is a technique developed
with the aim of removing lesions en bloc that would otherwise be
impossible with endoscopic mucosal resection (EMR).6 The Japa-
nese Gastric Cancer Association recommends that moderately or
well differentiated gastric cancer that is not associated with an
ulcer; limited to the mucosal layer; and of lesser than 2 cm in
diameter in elevated type lesion and lesser than 1 cm in diameter in
depressed type lesion, is suitable for endoscopic excision.7,8 EMR is
proven to be an effective treatment for early gastric cancer.9 With
histological evidence that even larger mucosal tumours,10 as well as
undifferentiated tumours involving only the upper third of the
submucosal layer (Sm1) can bewithout lymph node involvement,11
some have suggested that tumour lesser than 3 cm with minimal
submucosal involvement can be treated endoscopically.10 EMR for
these expanded criteria lesions may be associated with risk of
incomplete excision. ESD is associated with improved en bloc
resection rate and thus allow better assessment of resection
margin.12 Case studies suggest that ESD is associated with superior
complete resection rate for larger lesions and has a lower risk of
local recurrence.13,14 There remains a need for prospective
randomized controlled trial comparing endoscopic treatment of
gastric cancer versus conventional surgery. More recently, ESD has
also been applied to oesophageal cancer. Early reports are
promising.15
With the success of endoscopic treatment of early gastric cancer,
EMR and ESD have been used to treat large sessile colonic polyps
and early colonic tumours. The indication is much less deﬁned than
for gastric cancer. ESD is distinctly different from transanal endo-
scopic microsurgical (TEM) full thickness excision used for T1 rectal
tumours.16 Early colonic tumours involving only the mucosa or
with minimal submucosal involvement (<500e1000 microns) is
associated with very low risk of lymph node involvement. Other
factors such as lymphovascular invasion, tumour grade are also
predictors of lymph node involvement.17e19 Lesions demonstrating
favourable histopathologic criteria are potentially suitable for
endoscopic resection. Some have suggested that lateral spreading
mucosal tumours, tumours associated with ﬁbrosis, ulcerative
colitis and lesions incompletely resected by EMR are suitable for
ESD.20 Prevalence of these suitable lesions is low.21 However, with
the introduction of colon screening programmes, the incidence of
detection of early colonic cancer is likely to increase. A meta-
analysis of 25 case series of EMR for colonic polyps reported
curative en bloc resection of 58.7%. This is superior to conventional
polypectomy snare technique.22 ESD is especially useful in large
lesions. A meta-analysis of ESD in resection of colonic neoplastic
lesions (including carcinoid tumours) reported a margin free en
bloc resection rate of 88% and a complication rate of 1%.23 Long
term recurrence and survival data is required. Special consideration
has to be paid to colonic endoscopic resection. Unlike the stomach,
the colon is long, tortuous, thin walled and has multiple haustra-
tions.24 Paradoxical movement of the endoscope due to looping can
make resection in the right colon difﬁcult to perform. ESD for
colonic lesions can potentially be more technically demanding than
ESD for gastric lesions.
Another recently introduced advanced endolumenal technique
is peroral endoscopic myotomy (POEM) for the treatment ofachalasia. The concept of endoscopic oesophageal transmucosal
myotomy is ﬁrst proposed in 1980.25 POEM differs in that it aims to
divide only the circular muscular layer within a submucosal tunnel.
It is hoped that this modiﬁcation can minimize the risk of medi-
astinal contamination in the event of oesophageal perforation.26,27
Several case series with a total of 81 patients have demonstrated
that it is effective in reducing dysphagia symptom score and resting
lower oesophageal pressure among patients with achalasia.28e32
However, these series, performed by enthusiasts, at most report
a follow up period of threemonths. Long term follow up studies are
needed. An animal study suggested that POEM may reduce lower
oesophageal sphincter pressure by a lesser degree when compared
to open Heller’s myotomy. However, there was no difference in
distensibility as measured by the EndoFLIP device.33 Clinical trials
are needed to compare POEM efﬁcacy with that of the standard
Heller’s myotomy.
The aforementioned innovative endolumenal techniques
remain difﬁcult to perform. Currently, published case series of
these techniques uses either single or dual channel conventional
ﬂexible endoscope. An endoscopic multitasking platform with
improved instrument manoeuvrability can potentially make these
techniques easier to perform.34 Increased uptake of these tech-
niques can also make validation studies easier to perform. It is easy
to imagine that other very common acute general surgical emer-
gencies such as perforated duodenal ulcers could become amenable
to pure endolumenal treatment. For this to be possible and to be
accepted, the development of an effective ﬂexible multitasking
platform is paramount.
There are obvious challenges to NOTES including instrument
access, surgical instrumentation, spatial orientation and luminal
closurewhich are yet to be effectively overcome.35 The ASGE/SAGES
Working Group on Natural Oriﬁce Translumenal recommended
that a suitable multitasking platform will be a stable but ﬂexible
platform where upon adequate anchorage is provided for traction
and tissue dissection, as well as allowing the therapist to control
multiple devices.36 To date, the majority of systems are designed
with the aim of performing NOTES intraperitoneal surgery. In this
reviewwe aim to review the ever changing landscape of the ﬁeld of
ﬂexible endoscopic multitasking platforms, with speciﬁc focus on
its visualizationmethod, method of actuation, its limitations and its
extent of clinical application.
2. Method
Medline search was performed to identify literature relating to ﬂexible endo-
scopic multitasking platform from year 2004e2011 using keywords: “Flexible
endoscopic multitasking platforms”, “NOTES”, “Endoscopic robotic surgery”, and
speciﬁc names of various endoscopic multitasking platforms. Key articles from
articles references were reviewed.
3. Summary of various platforms
Flexible multitasking platforms can be classiﬁed as either
mechanical or robotic. (Table 1) Purely mechanical systems include
the dual channel endoscope (DCE) (Olympus), R-Scope (Olympus),
the EndoSamurai (Olympus), the ANUBIScope (Karl-Storz), Inci-
sionless Operating Platform (IOP) (USGI), and DDES system (Boston
Scientiﬁc). Robotic systems include the MASTER system (Nanyang
University, Singapore) and the Viacath (Hansen Medical). The DCE,
the R-Scope, the EndoSamurai and the ANUBIScope have integrated
visual function and instrument manipulation function. The other
systems rely on the conventional ﬂexible endoscope for visualiza-
tion, and instrument manipulation is integrated through the use of
a ﬂexible, often lockable, multichannel over-tube called an access
device. The advantage of the access device concept is that it allows
optics and instrument dissociation. However, it is a less compact
Table 1
Summary table of mechanical and robotic ﬂexible endoscopic multitasking platform.
Name Outer diameter
(mm)
Number of
instrument
channels
Channel size
(mm)
Length (cm) Degree of freedom of movements
Mechanical systems
Integrated Mechanical Platforms
Dual channel UGI
Endoscope (Olympus,
Japan)
12.6 2 3.7, 2.8 103 Endoscope Up/Down
Left/Right Rotation
Translation
Instrument Translation
Open/Close
R-Scope (Olympus,
Japan)
14.3 2 2.8 (deﬂectable) 133 Endoscope Up/down
Left/right Rotation
Translation
Instrument Translation
Open/Close Up/Down
Left/Right
EndoSamurai (Olympus,
Japan)
15 (endoscope)
18 (over-tube)
3 2.8 103 Endoscope Up/down
Left/right Rotation
Translation
Instrument Up/Down
Left/Right Translation
Open/close Rotation
Anubis (KarlStorz,
Germany)
16 3 4.2 * 2 (deﬂectable)
3.2 (central)
110 Endoscope Up/down
Left/right Rotation
Translation
Instrument Up/down
Left/Right Open/close
Translation Rotation
Platforms based on an access device
Incisionless Operating
Platform (USGI, USA)
18 4 7,6,4,4 110 Oversheath Up/down
Left/right Rotation
Translation
Instrument Up/down
Left/right Open/close
Translation Rotation
DDES
(Boston Scientiﬁc, USA)
16 * 22 3 7, 4.2, 4.2 55 Oversheath Up/down
Left/right Rotation
Translation
Instrument Up/down
Left/right Open/close
Translation Rotation
Robotic systems
MASTER (NanYang Tech
Uni, Singapore)
22 Externally
attached to
endoscope 2
manipulator
arms
e 150 cm
(sheath)
41.7 mm
(manipulator)
Endoscope Up/down
Left/right Rotation
Translation
Robotic arm Translation
Elbow Flex/Ext Elbow
Sup/Pron Wrist Flex/Ext
Gripper Open/Close
ViaCath (Hansen medical,
USA)
16 e e 90 Instrument Up/Down/
Left/Right (in each of
two distal segments)
Translation Rotation
Open/Close
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constrains of the pharynx, systems have to be lesser than 20 mm in
diameter. Current systems are controlled by traction cable system
actuated either by hand or by robotic machinery. In a ﬂexible
system, this method of actuation inevitably leads to signiﬁcant
hysteresis To date, the DCE, the R-Scope, the IOP, and the Viacath
system have data published relating to their application in human.
Other than the DCE, all systems are currently either in prototype or
early human trials stage, as such, there is limited data regarding
comparative performance of various systems. Practicalities such as
day to day sterilisation protocols and cost-effectiveness remain
unclear.
4. Mechanical endoscopic multitasking platforms
4.1. Dual channel endoscope
The conventional dual channel endoscope was developed to
allow the insertion of two therapeutic instruments simultaneously.
It only provides two degree of instrument motion that is inde-
pendent of the endoscope movement. Bimanual instrument coor-
dination is nearly impossible. Numerous techniques have been
developed to endeavour to overcome this. For example, various
ingenious EMR grasp and snare techniques have been
described.37e39 Endoscopic adjuncts have also been developed to
give a degree of tissue traction and counter traction, for example:
the EndoLifter (Olympus) and magnetic anchored micro forceps
were developed to provide tissue lifting to ease ESD.40 Early
examples of combined laparoscopic/NOTES procedures in human
were performed using the DCE.41e43 More recently, Ethicon hasdeveloped a set of prototype endoscopic instruments called the
NOTES toolbox. These consist of articulated grasper and rotatable
instruments (such as hook knife, scissors, clipper and haemostatic
bipolar forceps).44,45 (Fig.1) These new instruments have been used
in the DCE platform to perform totally tranvaginal cholecystectomy
in a porcine model with a 80% completion rate.46 Although the DCE
is the gold standard platform for performing advanced endoscopic
technique, it offers very minimal bimanual instrument coordina-
tion. In order for advanced endoscopic procedure to be widely
practiced, a novel platform is needed.
4.2. Integrated mechanical platforms
4.2.1. R-Scope (XGIF-2TQ160R Olympus, Japan)
The R-Scope is designed with the hope of having improved
performance when operating in the lesser curvature of the antrum,
the posterior wall and lesser curvature of the gastric body, and the
gastric cardia; as well as offering improved independent instru-
ment movement that is not possible with the DCE.47,48 It is
a prototype multi-bending endoscope with two 2.8 mm deﬂectable
operative channels. Its shaft consists of a proximal bending section
which allows up and down movement and a distal bending section
which allows up/down and left/right movement (as in a traditional
endoscope). This two segment multi-bending shaft design was
adapted from an earlier Olympus endoscope called the M-Scope.
Initially, the multi-bending function was anticipated to be useful in
a capacious environment where there is an absence of a viscus wall
for endoscope anchorage. However, in later versions, the twomulti-
bending segments are reduced to one as it was felt to contribute
little to function.49,50 It has two channels with deﬂectors which
Fig. 1. Articulated grasper featured in the NOTES toolbox (Ethicon). (Whang et al., 2010).
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left working channel can be manipulated in a vertical direction
relative to the visual axis by a deﬂector control next to the endo-
scopic steering wheel in a similar fashion to a side-viewing endo-
scope used for bile duct exploration. The right working channel can
be manipulated in the horizontal direction below the visual plane
by a wheel in the shaft of the endoscope. It also requires one to two
assistants to control the advancement, and opening and closing of
the end effectors. Early versions of the R-scope had a distal swan
neck to accommodate the additional mechanisms, and it was noted
that its function is signiﬁcantly impaired in retroﬂexion. Early
human clinical study therefore was limited to distal gastric
lesions.51 When used to perform ESD for excision of gastric lesions
by expert hands, it has been shown to reduce operating time from
a mean of 92.8 min with the DCE to 57.9 min with the R-Scope.52
Later bench top studies of an improved R-scope demonstrated its
superiority in performing ESD in the lesser curvature when
compared to the DCE.53 Experimentally, it has been used to perform
transgastric cholecystectomy and distal pancreatectomy in survival
porcine models.54e56 It has also been used to perform transgastric
peritoneoscopy. A study compared the diagnostic ability of lapa-
roscopy against transgastric peritoneoscopy using the R-scope inFig. 2. Distal tip of the R-scope with its two deﬂectable channels in perpendicular
planes. (Moyer et al., 2010).porcine model with simulated pathology, identiﬁed that the latter
was inferior in its rate of detection of pathology.57 Although the R-
Scope gives therapeutic instrument up to four degrees of freedom,
its controls does not allow intuitive bimanual instrument coordi-
nation. An American study which compared the DCE, R-Scope and
DDES systems (see below) demonstrated that the R-scope, with its
multiple controls, makes instrument coordination difﬁcult. In
contrast to previous studies, it was not superior to the DCE in the
performance of bench top endoscopic tasks.50 This suggests that
the complex instrument control of the R-Scope renders the
instrument difﬁcult to master. It will therefore limit its widespread
adoption.
4.2.2. EndoSamurai (Olympus, Japan)
EndoSamurai is a prototype platformwhich consists of a 15 mm
ﬂexible endoscope integrated with lens irrigation function, air
insufﬂation function, two hollow steerable instrument guide arms
and one conventional operating channel. (Fig. 3) The instrument is
introduced into the gastrointestinal tract via an 18 mm ﬂexible
steerable lockable over-tube. The steerable arms are mechanically
cable actuated. It has ﬁve degrees of independent instrument
motion. It has a mechanical control console very similar to
conventional laparoscopic instruments. The advantage of this
system is that endoscopic instrument of various natures such as
insulated tip electrosurgical knife, grasper, and forceps can be
interchangedwithout thewithdrawal of the endoscope. The system
is capable of performing suturing and bimanual manipulation of
targets. It requires at least two operators: one for guiding the over-
tube and instrumentation of the third instrument channel and one
for controlling the instrument guidance arms.58 It is noted that its
arms are too long thus rendering operation in the retroﬂexed
position difﬁcult. It also suffers from the problem of relative parallel
orientation of the instruments with the optical axis. It has been
used for endoscopic full thickness resection for gastric lesion in
ex vivo porcine model, and was found to improve procedural
accuracy and reduce procedure time from a mean of 23 min
observed with the DCE to 13 min59 The position of the instruments
intended to allow instrument triangulation may reduce its man-
oeuverability in a narrow lumen such as in the oesophagus and
small bowel. It is likely to be a more successful platform for per-
forming intraperitoneal procedure than endolumenal procedures.
Its instrument control console which simulates laparoscopic
surgery may make it a more intuitive to learn to control the plat-
form. The hollow guide arm concept allows the use of generic
endoscopic instrument, unlike the ANUBIScope, Incisionless
Fig. 3. Endosamurai with its control console similar to a laparoscopic system (left) and two hollow cable controlled instrument guide arms (right). (Ikeda et al., 2011, Spaun et al.,
2009).
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(DDES) which advocates the use of articulated instruments (see
below). The use of generic instruments could potentially bring
down the cost of utilization. Overall, EndoSamurai is a promising
platform with intuitive instrument control interface. Further clin-
ical studies are awaited.
4.2.3. ANUBIScope (Karl-Storz/IRCAD, Europe)
The ANUBIScope is a ﬂexible endoscope prototypewith a special
tulip shaped tip that allows two deﬂectable instrument channels to
be positioned for instrument triangulation, as well as providing
a third central channel for suction. The special tip is composed of
two ﬂexible ﬂaps that can be opened by a cable system which can
dilate incisions to the necessary diameter to provide translumenal
access. (Fig. 4) Another purported function of the ﬂaps is that it can
provide retraction thus clearing the operative ﬁeld. Flexible
instruments with four degrees of independent motion can be
introduced to perform dissection and suturing. These instruments
are controlled through a trigger handle similar to that seen in
laparoscopic surgery.60 The use of these specialized instruments
could increase cost per procedure. It has been used to perform
NOTES cholecystectomy and mucosal closure in animal models and
cadaveric models.61 There is no published literature comparing its
performance to any of the above systems. It also integrates visu-
alization and instruments, an advantage seen in the EndoSamurai.
Unlike the EndoSamurai, it also has the added advantage that its
instrument channels are deployable. Therefore, unlike theFig. 4. The ANUBISCOPE with its tulip shaped deployable instrument channels. (Karl
Storz 2011).EndoSamurai, instrument insertion does not require an over-tube.
The instrument ﬂaps, however, can potentially limit platform
manoeuvrability in a narrow endolumenal environment. Of the
available integrated platforms, the ANUBIScope is likely to be the
most successful. Further clinical studies are awaited.4.3. Platforms based on an access device
4.3.1. Incisionless operating platform (USGI, USA)
The Incisionless Operating Platform (IOP) is a commercially
available system based on the TransPort multi-lumen access device.
It also includes other adjuncts such as grasping tissue approxima-
tion device, tissue anchors and various graspers. The TransPort
device is a steerable ﬂexible over-sheath with ShapeLock function.
Shapelock was originally developed for facilitation of multiple
colon polypectomies in a single session.62,63 Shapelock function is
achieved by a series of titanium rings connected by wires, and the
rings lock into a set position when the connecting wires are
tightened.64 The stiffened over-sheath also offers better anchorage,
thus allowing better force transmission when compared to fully
ﬂexible platforms.65 Torsional and lifting strength are found to be
superior to the standard endoscope.66 The system can be table
mounted. Visualization is provided by a 4e6 mm conventional
ﬂexible endoscope through a 6 mm channel. In addition, the over-
sheath has one 7 mm, and two 4 mm channels allowing the
insertion of larger calibre suction irrigation device adapted from
standard laparoscopic surgery, as well as articulated instruments.67
Intralumenal procedures such as cardial mucosal resections, gas-
troplication for gastroesophageal reﬂux and closure of full thick-
ness incisions have been studied in survival porcine studies.68
Various extra-lumenal procedures including those requiring
signiﬁcant retroﬂexion, such as cholecystectomy, fundoplication,
gastric restriction and diaphragmatic repair have been attempted in
animal and human cadaver study.69,70 Combined Laparoscopic/
NOTES hybrid procedures on human have been performed safely
and effectively albeit the reportedmean operative time appeared to
be longer than what would be expected when compared to
conventional laparoscopic procedures. These include cholecystec-
tomy through transgastric, transvaginal or transumbilical routes,
transgastric appendectomy, endolumenal gastric pouch formation
and stoma reduction in patients with Roux-en-Y gastrojejunal
anastomosis.71,72 The IOP is a platform designed mainly for per-
forming intraperitoneal NOTES procedure. Although the concept of
an over-sheath is a simple method of integrating visualization and
allows passage of large diameter instruments; its large diameter
and short length may limit its ability to perform advanced endo-
lumenal procedures.
Fig. 5. Cobra system with its three wire controlled arms. (Bardaro et al., 2006).
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same company based on the Transport platform. (Fig. 5) It has three
independent cable controlled arms with ﬁxed end effectors. The
end effectors are ﬁxed to the instrument arms and therefore
instrument exchange require removal of the entire endoscope.73
There are no published studies regarding its performance.
4.3.2. Direct drive endoscopic system DDES (Boston Scientiﬁc, USA)
The Direct Drive Endoscopic System (DDES) is a prototype access
device platform consisting of four elements: a steerable ﬂexible
articulating guide sheath with a 6 mm visualization channel and
two 4 mm instrument channels; articulated ﬂexible mechanically
controlled 4 mm instruments; a conventional neonatal endoscope;
and a mobile rail platform which integrates the aforementioned
elements.74 (Fig. 6) The guide sheath is manipulated in a similar
fashion to the traditional endoscope. Similar to the IOP system, it
uses an endoscope for visualization, therefore providing a degree of
optics and instrument decoupling. In contrast to the IOP system, it
offers a special mechanical handle which provides ergonomic
control of proprietary ﬂexible instruments. The instruments are
capable of movements of up to ﬁve degrees of freedom. These
instruments have a working length of 12 cm beyond the over-
sheath. The ﬂexible instruments are traction cable controlled, andFig. 6. DDES system (Boston Scientiﬁc). (Thompson et al., 2009).therefore have the problem of hysteresis. Other reported limita-
tions include limited torque transmission and relatively parallel
orientation of forceps with the optical axis. Ex-vivo EMR and full
thickness suturing in non-surviving animal models have been
demonstrated. DDES has been found to provide more efﬁcient
bimanual coordination and signiﬁcantly reduce time needed to
perform bench top tasks by 80% when compared to DCE and R-
Scope.50 Of note, it has a working length of only 55 cm, and
therefore instrumentation is only possible up to the level of the
stomach when assuming scope entry through the mouth. To date,
application is limited to animal models. The DDES will have
shortcomings that are associated with an access device system.
However, its special traction cable controlled instruments and
novel mechanical instrument control interface make this a prom-
ising platform.
5. Robotic endoscopic multitasking platforms
5.1. MASTER (Nan Yang Technological University, Singapore)
Master and Slave Translumenal Endoscopic Robot (MASTER) is
a cable-driven ﬂexible robotic manipulator developed by Nanyang
Technological University, Singapore. It is attachable to the
conventional endoscope. (Fig. 7) It requires an endoscopist as well
as a robotic operator. It employs electromechanically controlled
cable actuation system. Externally located actuators manipulate
cables to achieve actuation of manipulator joints. The tendon
sheath bundle can be ﬁtted through instrument channels of an
Olympus 2T160 endoscope, thus obviating the need of over-
tubes.75,76 Initial robotic arm prototype had an anthropomorphic
designwith four joints: shoulder (in/out, up/down), elbow (ﬂexion/
extension, supination/pronation), wrist (ﬂexion/extension) and
end effector gripper motion, giving the manipulator a total of six
degrees of motion. The original master console was a wearable
console. The motions of the operator’s shoulder, elbow, wrist and
hand are encoded by cable actuated position sensors and optical
rotary encoders. However, it was realized that positioning of the
endoscopic manipulator did not simply correlate with the opera-
tor’s arm at rest and therefore, a non wearable console design
providing joint to joint control was used. Also, motion at the
shoulder was excluded, resulting in a shortened instrument as well
as improve ergonomics for the operator. In its current form, it has
ﬁxed end instrument effectors. The tendon sheath system is
capable of generating high retraction force upward of 5.2N.77 It was
noted that a tendon sheath system has the draw back of friction
resulting in delays and movement hysteresis.78 A pre-tension
device and software adjustment were used to mitigate this
problem. However, difﬁculty in predicting tendon elongation
renders the system only capable of being an open-looped control
system where the main feedback reference is through operator
vision. This makes any automation of movements difﬁcult. Acute
bending of the tendon system such as during endoscope retro-
ﬂexion will also compromise precision of the robotic arms.79,80
Haptic feedback through the use of external load cells on the
tendon cables is being developed. Interventional navigational
system using data from preoperative images such as that from CT/
MRI and intra-operative visual images and magnetic tracking
system is in development.71 The MASTER system has been used to
perform ESD in ex vivo and in vivo porcine models and was found
to be comparable to standard endoscopic therapy in terms of
operation time. It is of note that the time required to setup the
system will likely prolong the operation time with the MASTER
system.81 It has also been used to perform limited hepatic resection
and endoscopic submucosal dissection in non survival porcine
model.69 The MASTER system has ﬁxed end effectors and
Fig. 7. The MASTER system with its two cable actuated robotic arms with ﬁxed end effectors (left) attached to a conventional endoscope (right). (Phee et al., 2008).
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by being a retroﬁtted device against a conventional endoscope. It is
therefore likely to be an interval technology. Further development
of additional capabilities, such as automation of camera control,
improvement in ease of instrument change and reduction in the
number of assistants, is required before the added cost of robotic
surgery can be justiﬁed. Further studies are required to assess its
capability against other platforms.
5.1.1. Viacath system (Hansen medical systems, USA)
The main feature of the Viacath system is the electronically
controlled, long shafted, ﬂexible, narrow bore instruments which
have ﬁxed end effectors. Instrument shafts are built with close
wound stainless steel spring lined with Teﬂon to provide a low
friction, incompressible, ﬂexible conduit for its cable control
system. (Fig. 8) It is a ﬂexible instrumentwith a diameter of 4.5mm.
It has seven degree of freedom controlled by 14 tension cables
orientated in a special manner to allow instrument axial torque,
axial loading and bending. The instrument has two distal multi-
bending segments. It is capable of generating a tip force of up to
3N. It shares the control platform and external actuation mecha-
nisms with the Laprotek surgical robotic system (a robotic system
developed by the same company for laparoscopic surgery).82 A
steerable over-tube orientates a standard endoscope and two
instrument channels in a triangular fashion through a rigid nose
cone in a similar fashion to the IOP and DDES system. This over-
tube has two ﬂexible joints in series distally providing two and
one degree of freedom respectively, similar to the R-Scope. Inter-
estingly, in contrast to the other systems, the rigid nose cone
consists of cable actuated rotary gripper devices which provides
additional front end induced rotary motion.83 The ﬂexibleFig. 8. Viacath system. The ﬂexible instrument with ﬁxed end efinstrument has been used for endovascular and urological indica-
tions.84 It has also been used to perform endoscopic mucosal
resection in live porcine model. Information such as operative time,
en bloc resection rate and comparative performance against alter-
native platforms are not available.85 The easy instrument inter-
change offered by the Viacath system makes it a very ﬂexible
platform. Much of current usage of the system is in endovascular
intervention. It would be interesting to see its application in
endoscopic gastrointestinal surgery. Being a cable actuating ﬂexible
system, signiﬁcant hysteresis may be observed especially when
used to perform procedures over a long distance, such as that seen
in right colonic ESD.
6. Optimal design for advanced endolumenal therapy
Instrument ﬁeld of action in various systems when ﬂexible
endoscope movement is excluded is summarised in Fig. 9. In the
narrow endolumenal environment, gross ﬂexible endoscope
movement is often limited. Due to the use of traction cable, the
current systems’ instrument arms are bulky and require
a minimum working length. An ideal system should allow instru-
mentation to any aspect of the visualized area at any one endoscope
position. This ideal is yet to be achieved.
7. Overcoming the conventional endoscopic paradigm
To date, designs of multitasking platforms have been limited by
the requirement of a ﬂexible control shaft capable of passage down
the upper gastrointestinal tract. The basic design of the conven-
tional endoscope is retained to a various degree. The concept of
employing cable controlled instrument arms is universal. This typefectors (left). External actuators (right). (Abott et al., 2007).
Fig. 9. Instrument ﬁeld of action in various systems when endoscope movement is excluded.
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REVIEWof system is inherently prone to distortion in a ﬂexible system.
Friction generated during wire actuation means that there is
signiﬁcant amount of hysteresis and ineffective force transmission,
thus resulting in lack of instrument responsiveness and accuracy.
This problem is further accentuated during endoscope retroﬂexion
and long instrument length. Cable elongation can impair the design
of effective haptic feedback and motion automation. Some systems
use instrument arms with ﬁxed end effectors, which can render
instrument change difﬁcult.
An alternative would be in vivo multitasking platforms which
does not require mechanical control shaft. The Nebraska miniature
robot is one such design. It is a three piece magnetically articulatedFig. 10. Intra-peritoneal miniature robot developed by University of Nebraska.
(Lehman et al., 2009).tubular shaped robot. It has a cross sectional area of 14*17 mm. The
central piece is an 80 mm body with stereovision and ultra bright
LED lighting. On each end, 53 mm robotic arms with ﬁxed end
effectors articulate with the body. This articulation is detachable
therefore allowing the robot to assume a linear orientation for
insertion down the upper gastrointestinal tract through an over-
tube. It is actuated through short range motors. It has three
degree of freedom (rotation, shoulder abduction/adduction and
instrument extension/retraction). It has magnetic anchors coupled
to extracorporeal magnets. It has been used to perform cholecys-
tectomy in non survival porcine model. However, it was found to
have insufﬁcient anchorage and the shoulder joint suffered
premature mechanical failure.86 (Fig. 10) An in vivo robot capable of
exploring the peritoneal cavity by use of spiral grooved wheels has
also been described.87,88
Alternative methods capable of providing short range actuation
should be explored. Short range actuation minimizes. Pneumatic or
hydraulic actuation should be explored.89 Currently, commercially
available brushless micro motors can be as small as 2 mm in
diameter.90 Solid state actuators, which generate motion through
stress variations from a change of material states by application of
heat or electricity, such as thermal bimorph, shape memory alloy
(SMA) or piezoelectric actuators, should be explored. With
mechanical motion ampliﬁcation, these solid state actuators can beFig. 11. SMA actuated micro tube manipulator. (Kaneko et al., 1996).
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been used to produce a micro manipulator in the shape of a 2 mm
hollow tube.92 (Fig. 11) Alternative power transmission systems
should also be explored.93 Wireless technology and new micro-
camera technologies should be employed.948. Conclusion
The potential to perform surgery purely via a natural oriﬁce is
luring. Whether translumenal intraperitoneal surgery provides any
additional beneﬁt to conventional laparoscopic surgery remains to
be answered. However, advanced endolumenal procedures are
likely to provide signiﬁcant beneﬁt to patients. With improvement
in instruments, it is hoped that these techniques will gain wide-
spread acceptance.
Current ﬂexible endoscopic multitasking platforms inherit some
of the inherent deﬁciencies of the ﬂexible endoscope. Further
studies are required to assess their efﬁcacy in a day to day clinical
setting. Direct comparative studies of the various platforms capa-
bilities are also needed. Current platforms rely on the conventional
endoscope for visualization. A common method of actuation is by
traction cables, which is prone to hysteresis. The requirement of
multiple operators limits the ability of coordinating camera
movements with therapeutic manoeuvres. Exploration of alterna-
tive means of actuation and power transmission is required to
provide a seamless effective operating instrument.
Ethical approval
None.
Financial disclosures
Mr Baldwin Yeung and Prof Terence Gourlay have no conﬂicts of
interest or ﬁnancial ties to disclose.
Part of a research project supported by Tenovus Scotland.
Author contribution
Baldwin Yeung e Originator of idea, literature review and
writing.
Terence Gourlay e Proof reader and writing.
Conﬂicts of interest
None.References
1. Kalloo AN, Singh VK, Jagannath SB, Niiyama H, Hill SL, Vaugh CA, et al. Flexible
transgastric peritoneoscopy: a novel approach to diagnostic and therapeutic
interventions in the peritoneal cavity. Gastrointest Endosc 2004;60(1):114e7.
2. Khashab Mouen A, Kalloo Anthony N. Critical analysis of hot topics in NOTES.
Nat Rev Gastroenterol Hepatol October 2011;8:565e72. doi:10.1038/
nrgastro.2011.150.
3. Auyang ED, Santos BF, Enter DH, Hungness ES, Soper NJ. Natural oriﬁce
translumenal endoscopic surgery (NOTES): a technical review. Surg Endosc
2011;25:3135e48.
4. Zorron R, Palanivelu C, Galvão Neto MP, Ramos A, Salinas G, Burghardt J, et al.
International multicenter trial on clinical natural oriﬁce surgeryeNOTES IMTN
study: preliminary results of 362 patients. Surg Innov 2010;17:142e58.
5. Lehmann KS, Ritz JP, Wibmer A, Gellert, Zornig C, Burgharat J, et al. The German
registry for natural oriﬁce translumenal endoscopic surgery: report of the ﬁrst
551 patients. Ann Surg 2010;252:263e70.
6. Ono H, Kondo H, Gotoda T, Shirao K, Yamaguchi H, Saito D, et al. Endoscopic
mucosal resection for treatment of early gastric cancer. Gut 2001;48(2):
225e9.
7. Yamaguchi N, Isomoto H, Fukuda E, Ikeda K, Nishiyama H, Akiyama M, et al.
Clinical outcomes of endoscopic submucosal dissection for early gastric cancer
by indication criteria. Digestion 2009;80:173e81.
8. Tada M, Tokiyama H, Nakamura H, Yania H, Okita K. Endoscopic resection for
early gastric cancer. Acta Endoscopica 1998;28(2):87e95.
9. Bennett C, Wang Y, Pan T. Endoscopic resection for early gastric cancer.
Cochrane Database Syst Rev 2009;7(4):CD004276.10. Gotoda T, Yanagisawa A, Sasako M, Ono H, Nakanishi Y, Shimoda T, et al.
Incidence of lymph node metastasis from early gastric cancer: estimation with
a large number of cases at two large centers. Gastric Cancer 2000;3:219e25.
11. Park YD, Chung YJ, Chung HY, Yu W, Bae HI, Jeon SW, et al. Factors related to
lymph node metastasis and the feasibility of endoscopic mucosal resection for
treating poorly differentiated adenocarcinoma of the stomach. Endoscopy
2008;40:7e10.
12. Horiki N, Omata F, Uemura M, Suzuki S, Ishii N, Fukuda K, et al. Risk for local
recurrence of early gastric cancer treated with piecemeal endoscopic mucosal
resection during a 10 year follow up period. Surg Endosc 2012;26(1):72e8.
13. Nakamoto S, Sakai Y, Kasanuki J, Kondo F, Ooka Y, Kato K, et al. Indications for
the use of endoscopic mucosal resection for early gastric cancer in Japan:
a comparative study with endoscopic submucosal dissection. Endoscopy
2009;41(9):746e50.
14. Hoteya S, Iizuka T, Kikuchi D, Yahagi N. Beneﬁts of endoscopic submucosal
dissection according to size and location of gastric neoplasm, compared with
conventional mucosal resection. J Gastroenterol Hepatol 2009;24(6):1102e6.
15. Saito Y, Andoh A, Hata K, Tsujikawa T, Ogawa A, Nakahara T, et al. Chemo-
radiation therapy followed by endoscopic submucosal dissection for esopha-
geal cancer. Dig Dis Sci 2008;53(12):3242e5.
16. Winde G, Nottberg H, Keller R, Schmid KW, Bünte H. Surgical cure for early
rectal carcinomas (T1). Transanal endoscopic microsurgery vs. anterior resec-
tion. Dis Colon Rectum 1996;39(9):969e76.
17. Yasuda K, Inomata M, Shiromizu A, Shiraishi N, Higashi H, Kitano S. Risk factors
for occult lymph node metastasis of colorectal cancer invading the submucosa
and indications for endoscopic mucosal resection. Dis Colon Rectum 2007;50:
1370e6.
18. Kitajima K, Fujimori T, Fujii S, Takeda J, Ohkura Y, Kawamata H, et al. Corre-
lations between lymph node metastasis and depth of submucosal invasion in
submucosal invasive colorectal carcinoma: a Japanese collaborative study.
J Gastroenterol 2004;39(6):534e43.
19. Nascimbeni R, Burgart LJ, Nivatvongs S, Larson DR. Risk of lymph node
metastasis in T1 carcinoma of the colon and rectum. Dis Colon Rectum
2002;45(2):200e6.
20. Tanaka S, Oka S, Chayama K. Colorectal endoscopic submucosal dissection:
present status and future perspective, including its differentiation from
endoscopic mucosal resection. J Gastroenterol 2008;43(9):641e51.
21. Matsuda T, Gotoda T, Saito Y, Nakajima T, Conio M. Our perspective on
endoscopic resection for colorectal neoplasms. Gastroenterol Clin Biol
2010;34(6e7):367e70.
22. Puli SR, Kakugawa Y, Gotoda T, Antillon D, Saito Y, Antillon MR. Meta-analysis
and systematic review of colorectal endoscopic mucosal resection. World J
Gastroenterol 2009;15(34):4273e7.
23. Repici A, Hassan C, De Paula Pessoa D, Pagano N, Arezzo A, Zullo A, et al.
Efﬁcacy and safety of endoscopic submucosal dissection for colorectal
neoplasia: a systematic review. Endoscopy 2012;44(2):137e50.
24. Tanaka S, Oka S, Kaneko I, Hirata M, Mouri R, Kanao H, et al. Endoscopic
submucosal dissection for colorectal neoplasia: possibility of standardization
gastrointestinal. Endoscopy 2007;66(1):100e7.
25. Ortega JA, Madureri V, Perez L. Endoscopic myotomy in the treatment of
achalasia. Gastrointest Endosc 1980;26:8e10.
26. Pasricha P, Hawari R, Ahmed I, Chen J, Cotton PB, Hawes RH, et al. Submucosal
endoscopic esophageal myotomy: a novel experimental approach for the
treatment of achalasia [abstract]. Gastrointest Endosc 2007;65:AB92.
27. Sumiyama K, Gostout CJ, Rajan E, Bakken TA, Knipschield MA, Chung S. Pilot
study of transesophageal endoscopic epicardial coagulation by submucosal
endoscopy with the mucosal ﬂap safety valve technique (with videos). Gas-
trointest Endosc 2008;67:497e501.
28. Inoue H, Minami H, Kobayashi Y, Sato Y, Kaga M, Suzuki M, et al. Peroral endo-
scopic myotomy (POEM) for esophageal achalasia. Endoscopy 2010;42:265e71.
29. Stavropoulos SN, Harris MD, Hida S, Brathwaite C, Demetriou C, Grendell J.
Endoscopic submucosal myotomy for the treatment of achalasia (with video).
Gastrointest Endosc 2010;72:1309e11.
30. Swanstrom LL, Rieder E, Dunst CM. A stepwise approach and early clinical
experience in peroral endoscopic myotomy for the treatment of achalasia and
esophageal motility disorders. J Am Coll Surg 2011;213(6):751e6.
31. Zhou PH, Cai MY, Yao LQ, Zhong YS, Ren Z, Xu MD, et al. Peroral endoscopic
myotomy for esophageal achalasia: report of 42 cases. Zhonghua Wei Chang
Wai Ke Za Zhi 2011;14(9):705e8.
32. Von Renteln D, Inoue H, Minami H, Werner YB, Pace A, Kersten JF, et al. Peroral
endoscopic myotomy for the treatment of achalasia: a prospective single
center study. Am J Gastroenterol 2012;107(3):411e7.
33. Perretta S, Dallemagne B, Donatelli G, Diemunsch P, Marescaux J. Transoral
endoscopic esophageal myotomy based on esophageal function testing in
a survival porcine model. Gastrointest Endosc 2011;73:111e6.
34. Wagh MS, Thompson CC. Surgery insight: natural oriﬁce translumenal endo-
scopic surgery e an analysis of work to date. Nat Clin Pract Gastroenterol
Hepatol 2007;4(7):386e92.
35. Whang SH, Thaler K. Natural oriﬁce translumenal endoscopic surgery: where
are we going? World J Gastroenterol 2010;16(35):4371e3.
36. RattnerD,KallooA. SAGES/ASGEWorkingGroup. ASGE/SAGESworking groupon
natural oriﬁce translumenal endoscopic surgery. Surg Endosc 2006;20:239e333.
37. De Melo SW, Cleveland P, Raimondo M, Wallace MB, Woodward T. Endoscopic
mucosal resection with the grasp-and-snare technique through a double-
channel endoscope in humans. Gastrointest Endosc 2011;73(2):349e52.
B.P.M. Yeung, T. Gourlay / International Journal of Surgery 10 (2012) 345e354354
REVIEW38. Von Renteln D, Schmidt A, Vassiliou MC, Rudolph HU, Caca K. Endoscopic
mucosal resection using a grasp-and-snare technique. Endoscopy 2010;42:
475e80.
39. Chen PJ, Chu HC, Chang WK, Hsieh TY, Chao YC. Endoscopic submucosal
dissection with internal traction for early gastric cancer. Gastrointest Endosc
2008;67(1):128e32.
40. Gotoda T, Oda I, Tamakawa K, Ueda H, Kobayashi T, Kakizoe T. Prospective
clinical trial of magnetic-anchor-guided endoscopic submucosal dissection for
large early gastric cancer. Gastrointest Endosc 2009;69:10e5.
41. Palanivelu C, Raja PS, Rangarajan M, Parthasarathi R, Senthilnathan P,
Prasad M. Transvaginal endoscopic appendectomy in humans: a unique
approach to NOTES e world’s ﬁrst report. Surg Endosc 2008;22:1343e7.
42. Ramos AC, Zundel N, Neto MG, Maalouf M. Human hybrid NOTES transvaginal
sleeve gastrectomy: initial experience. Surg Obes Relat Dis 2008;4:660e3.
43. Salinas G, Saavedra L, Agurto H, Quispe R, Ramirez E, Grande J, et al. Early
experience in human hybrid transgastric and transvaginal endoscopic chole-
cystectomy. Surg Endosc 2010;24:1092e8.
44. Whang SH, Satgunam S, Miedema BW, Thaler K. Transvaginal cholecystectomy
by using a prototype ﬂexible clip applier. Gastrointest Endosc 2010;72(2):
351e7.
45. Swain CP, Bally K, Park PO, Alexander Mosse C, Rothstein RI. New methods for
innovation: the development of a toolbox for natural oriﬁce translumenal
endoscopic surgery (NOTES) procedures. Surg Endosc 2012;26(4):1010e20.
46. Satgunam S, Miedema B, Whang S, Thaler K. Transvaginal cholecystectomy
without laparoscopic support using prototype ﬂexible endoscopic instruments
in a porcine model. Surg Endosc 2012 Feb 24.
47. Ishii K, Tajiri H, Fujisaki J, Mochizuki K, Matsuda K, Nakamura Y. The effec-
tiveness of a new multibending scope for endoscopic mucosal resection.
Endoscopy 2004;36:294e7.
48. Sumiyama K, Kaise M, Nakayoshi T, Kato M, Mashiko T, Uchiyama Y, et al.
Combined used of a magnifying endoscope with a narrow band imaging
system and a multibending endoscope for en bloc EMR of early stage gastric
cancer. Gastrointest Endosc 2004;60(1):79e84.
49. Moyer MT, Haluck RS, Gopal J, Pauli EM, Mathew A. Transgastric organ
resection solely with the prototype R-scope and the self-approximating
translumenal access technique. Gastrointest Endosc 2010;72(1):170e6.
50. Spaun GO, Zheng B, Martinec DV, Cassera MA, Dunst CM, Swanstrom LL.
Bimanual coordination in natural oriﬁce translumenal endoscopic surgery:
comparing the conventional dual-channel endoscope, the R-scope, and a novel
direct-drive system. Gastrointest Endosc 2009;69(6):e39e45.
51. Neuhaus H, Costamagna G, Deviere J, Fockens P, Ponchon T, Rosch T. (ARCADE
Group). Endoscopic submucosal dissection (ESD) of early neoplastic gastric
lesions using a new double-channel endoscope (the “R-scope”). Endoscopy
2006;38(10):1016e23.
52. Yonezawa J, Kaise M, Sumiyama K, Goda K, Arakawa H. Tajiri. A novel double-
channel therapeutic endoscope (“R-scope”) facilitates endoscopic submucosal
dissection of superﬁcial gastric neoplasms. Endoscopy 2006;38(10):1011e5.
53. Lee SH, Gromski MA, Derevlanko A, Jones DB, Pleskow DK, Sawhney M, et al.
Efﬁcacy of a prototype endoscope with two deﬂecting working channels for
endoscopic submucosal dissection: a prospective comparative ex vivo study.
Gastrointest Endosc 2010;72(1):155e60.
54. Sumiyama K, Gostout CJ, Rajan E, bakken TA, Knipschield MA, Chung SCS, et al.
Transgastric cholecystectomy: transgastric accessibility to the gall bladder
improved with the SEMF method and a novel multibending therapeutic
endoscope. Gastrointest Endosc 2007;65(7):1028e34.
55. Astudillo JA, Sporn E, Bachman S, Miedema B, Thaler K. Transgastric chole-
cystectomy using a prototype endoscope with 2 deﬂecting working channels
(with video). Gastrointest Endosc 2009;69(2):297e302.
56. Ryou M, Fong DG, Tavakkolizadeh A, Rattner DDW, Thompson CC. Dual-port
distal pancreatectomy using a prototype endoscope and endoscopic stapler:
a natural oriﬁce translumenal endoscopic surgery (NOTES) survival study in
a porcine model. Endoscopy 2007;39:881e7.
57. Trunzo JA, Poulose BK, McGee MF, Nikfarjam M, Schomisch SJ, Onders RP, et al.
The diagnositic efﬁcacy of natural oriﬁce transluminal endoscopic surgery: is
there a role in the intensive care unit? Surg Endosc 2010;24(10):2485e91.
58. Spaun GO, Zheng B, Swanstrom LL. A multitasking platform for natural oriﬁce
translumenal endoscopic surgery (NOTES): a benchtop comparison of a new
device for ﬂexible endoscopic surgery and a standard dual-channel endoscope.
Surg Endosc 2009;23:2720e7.
59. Ikeda K, Sumiyama K, Tajiri H, Yasuda K, Kitano S. Evaluation of a new
multitasking platform for endoscope full-thickness resection. Gastrointest
Endosc 2011;73(1):117e22.
60. Karl Storz e Endoskope. Anubiscope for endolumenal surgery. Germany: Karl
Storz; 2011.
61. Dallemagne B. An endoscopic platform: the ANUBISCOPE. France: Epublication:
EATS. 9(11), http://www.eats.fr/doi-lt03endallemagne003.htm; 2009 Nov.
62. Rex DK, Khashab M, Raju. Insertability and safety of a shapelocking device for
colonoscopy. Am J Gastroenterol 2005;100:817e20.
63. Raju GS, Pasricha PJ. ShapeLock: a rapid access port for redeployment of
a colonoscope into the proximal colon to facilitate multiple polypectomies in
a single session. Gastrointest Endosc 2005;61:768e70.
64. Swain P. The shapelock system adapted to intragastric and transgastric surgery.
Endoscopy 2007;39:466e70.65. Swain P, Ewers R, Peh R, Sadaat V. New measurement methods and
a randomized comparison of force transmission using ﬂexible endoscopes and
instruments before and after the application of Shapelock_ technology. Gas-
trointest Endosc 2005;61. B241AB250.
66. Swanstrom LL, Swain P, Denk P. Development and validation of a new
generation of ﬂexible endoscope for NOTES. Surg Innovation 2009;16(2):
104e10.
67. Swanstrom LL, Kozarek R, Pasricha PJ, Gross S, Birkett D, Park PO, et al.
Development of a new access device for transgastric surgery. J Gastrointest Surg
2005;9(8):1129e37.
68. DePaula AL, Kozarek RA, Birkett DH, et al. A novel system for performing endo-
lumenal antireﬂux surgery and other endosurgical procedures. M2286. Los
Angeles: Digestive Disease Week (DDW); May 19-25, 2006.
69. Pai RD, Fong DG, Bundga ME, Odze RD, Rattner DW, Thompson CC. Trans-
colonic endoscopic cholecystectomy: a NOTES survival study in a porcine
model [with video]. Gastrointest Endosc 2006;64:428e34.
70. Swain P, Rothe C, Bergstrom M, Park PO, Swanstrom L. Development and
testing of a new platform for retroﬂexed ﬂexible transgastric surgery: chole-
cystectomy, fundoplication, gastric restriction and diaphragmatic Repair. Gas-
trointest Endosc 2006;63(5):725.
71. Horgan S, Thompson K, Talamini M, Ferreres A, Jacobsen G, Spaun G, et al.
Clinical experience with a multifunctional, ﬂexible surgery system for endo-
lumenal, single-port, and NOTES procedures. Surg Endosc 2011;25(2):586e92.
72. Horgan S, Jacobsen G, Weiss GD, Oldham Jr JS, Denk PM, Borao F, et al. Inci-
sionless revision of post-Roux-en-Y bypass stomal and pouch dilation: multi-
center registry results. Surg Obes Relat Dis 2010;6(3):290e5.
73. Bardaro SJ, Swanstrom LL. Develeopment of advanced endoscopes for natural
oriﬁce translumenal endoscopic surgery (NOTES). Minimally Invasive Ther
2006;15(6):378e83.
74. Thompson CC, Ryou M, Soper NJ, Hungess ES, Rothstein RI, Swanstrom LL.
Evaluation of a manually driven, multitasking platform for complex endolu-
menal and natural oriﬁce translumenal endoscopic surgery applications (with
video). Gastrointest Endosc 2009;70(1):121e5.
75. Phee SJ, Ho KY, Lomanto D, Low SC, Huynh VA, Kencana AP, et al. Natural oriﬁce
transgastric endoscopic wedge hepatic resection in an experimental model
using an intuitively controlled master and slave translumenal endoscopic robot
(MASTER). Surg Endoscopy 2010;24:2293e8.
76. Phee SJ, Low SC, Huynh VA, Kencana ZL, Yang SK. Master and slave trans-
lumenal endoscopic robot (MASTER) for natural oriﬁce translumenal endo-
scopic surgery (NOTES). Conf Proc IEEE Eng Med Biol Soc 2009;4:1192e5.
77. Sun ZL, Ang RY, Lim EW, Wang Z, Ho KY, Phee SJ. Enhancement of a master-
slave robotic system for natural oriﬁce translumenal endoscopic surgery. Ann
Acad Med Singapore 2011;40:223e30.
78. Phee SJ, Low SC, Dario P, Menciassi A. Tendon sheath analysis for estimation of
distal end force and elongation for sensorless distal end. Robotica 2010;28:
1073e82.
79. Phee SJ, Low SC, Sun ZL, Ho KY, Huang WM, Thant ZM. Robotic system for
no-scar gastrointestinal surgery. Int J Med Robotics Comput Assist Surg 2008;4:
15e22.
80. Low SC, Tang SW, Thant ZM, Phee SJ, Ho KY, Chung SCS. Master-salve robotic
systems for therapeutic gastrointestinal endoscopic procedures. Conf Proc IEEE
Eng Med Biol Soc 2006;1:3850e3.
81. Ho KY, Phee SJ, Shabbir A, Low SC, Huynh VA, Kencan AP, et al. Endoscopic
submucosal dissection of gastric lesions by using a master and slave tranlu-
minal endoscopic robot (MASTER). Gastrointest Endosc 2010;72(3):593e9.
82. Franzino RJ. The laprotek surgical system and the next generation of robotics.
Surg Clin North America 2003;83:1317e20.
83. Abott DJ, Becke C, Rothstein RI, Peine WJ. Design of an endolumenal NOTES
robotic system. Proceedings of IEEE/RSJ international conference on intelligent
robots and systems 2007. p. 410e416.
84. Aron M, Haber GP, Desai MM, Gill IS. Flexible robotics: a new paradigm. Curr
Opin Urol 2007;17:151e5.
85. Rothstein RI, Ailinger RA, Peine W. Computer-assisted endoscopic robot system
for advanced therapeutic procedures. Gastrointest Endosc 2004;59(5):P113.
86. Lehman AC, Dumpert J, Wood NA, Redden L, Visty AQ, Farritor S, et al. Natural
oriﬁce cholecystectomy using a miniature robot. Surg Endosc 2009;23:260e6.
87. Rentschler ME, Dumpert J, Platt SR, Farritor SM, Oleynikov D. Natural oriﬁce
surgery with an endolumenal mobile robot. Surg Endosc 2006;21:1212e5.
88. Rentschler ME, Platt SR, Dumpert J, Oleynikov D, Farritor SM. Miniature in vivo
robots for remote and harsh environments. IEEE Trans Inf Technol Biomed
2008;12(1):66e75.
89. Slatkin AB, Burdick JW, Grundfest SW. The development of a robotic endo-
scope. Proc IEEE Int Conf Robotics Automation 1995:162e71.
90. Faulhaber Group. Specialist in miniature motors. http://www.faulhaber.com/.
91. BellouardYves.Microrobotics:methodsandapplications. Chapter 6. CRCPress; 2010.
92. Kaneko S, Aramaki S, Arai K, Takahashi Y, Adachi H, Yanagisawa K. Multi-
freedom tube type manipulator with SMA plate. J Intell Material Syst Structures
1996;7:331e5.
93. Del Cura VO, Cunha FL, Aguiar ML, Cliquet A. Study of the different types of
actuators and mechanisms for upper limb prostheses. Artif Organs 2003;27(6):
507e16.
94. Omnivision. Specialist in microcameras, http://www.ovt.com.
